INTRODUCTION
Dens invaginatus is a developmental anomaly that may present with a complex root canal anatomy. It has been described as an infolding of the enamel organ into the dental papilla during the soft-tissue stage of tooth formation, which may be restricted to the pulp chamber, extend to the root, or in extreme cases to the apex. [1] There is not a consensus regarding the etiology of this phenomenon, and several theories have been proposed. [1] [2] [3] [4] [5] Endodontic management of dens invaginatus Type IIIb: Case series tissues. Type I is an enamel lined minor invagination that remains in the crown, not extending beyond the cementoenamel junction. Type II is an enamel lined invagination that goes beyond the cementoenamel junction forming a blind sac inside the root and it may or may not communicate with the dental pulp. Type IIIa is an invagination that extends through the root and opens laterally in the periodontal tissues. Type IIIb is an invagination that extends through the root and opens apically in the periapical tissues.
These teeth may present with unusually shaped crowns often described as dilated, peg-shaped, or barrel-shaped. [1] Exaggerated palatal cingula, talon cusps, notching of the incisal edges with palatal grooving or a deep foramen coecum may also be present. [10] Dens invaginatus is usually diagnosed on a routine radiograph. The affected teeth typically display a radiolucent sac surrounded by a radiopaque enamel border. This sac can range in presentation, from a fissure to a tear-shaped loop for Type I configurations, to more extensive and unusual shapes for Type III configurations. Histologically, the invaginated tissues may show different patterns when compared to the regular tissues. The invaginated dentin may appear regular or irregular with a hypomineralized structure [11] and may contain strains of vital connective tissue [12] or even canals connecting with the dental pulp. [4] The internal enamel has been described as a hypomineralized tissue [11] that may present a different chemical constitution when compared with the external enamel.
The global prevalence of this developmental anomaly ranges from 0.3% [13] to 12%, [8] and also varies between types. A study by Kirzioglu and Ceyhan [8] evaluated 2477 patients, from those, 87.8% had regular anatomy. 11.3% showed Type I configurations, whereas Types II and III were present only in 0.7% and 0.8%, respectively, making those a quite rare occurrence. This same study reported that none of the Type I cases displayed periapical pathosis, while Types II and III had lesions in 4% and 33% of cases, respectively. Interestingly, some reports identified the presence of normal, vital pulp tissue in Types III invaginations with periapical pathology, and hypothesized that the invaginated tissues may directly communicate with the periodontal and periapical tissues, allowing microorganism progression without damaging the dental pulp. [14] Double invaginations in a single tooth have also been reported. [15] It is hard to say which approach is better to treat Type IIIb cases that require endodontic treatment.
Each case has to be assessed on an individual basis. Preservation of the tooth structure is also one of the goals of the endodontic treatment. Although the dens removal may facilitate the proper root canal disinfection, that may result in compromised tooth structure. Keeping the invaginated tissue part and performing endodontic microsurgery to seal the apex can be one option to treat these cases and preserving more tooth structure. [16] However, surgery is a more invasive approach and should not be taken if there is an alternative, in addition, it may be refused by some patients or may not be advisable in medical compromised patients. In these cases, nonsurgical treatment options must be available.
The aim of this work is to present the nonsurgical treatment of three cases of dens invaginatus Type IIIb with or without healthy pulp. Both pulp diagnosis and technical requirements were important factors when choosing the best clinical approach for each case.
CASE REPORT

Case #1 -vital pulp (normal pulp)
A 20-year-old male presented without complaint for a routine dental appointment. Radiographic examination revealed atypical pulp anatomy on tooth #7 [ Figure 1a ], consistent with a dens invaginatus Oehlers Type IIIb, with periapical pathology [ Figure 1b ]. The normal response to the ice sensibility test was noted. The endodontic diagnosis of normal pulp and asymptomatic apical periodontitis was made. Direct connection between the oral environment and periapical tissue through the complete invagination was evident. The clinical condition was explained to the patient, and endodontic therapy was proposed and accepted. A cone-beam computed tomography (CBCT) scan was performed for a more comprehensive understanding of the anatomy [ Figure 1c and d] and revealed that it would be possible to access the invagination without penetrating the root canal system. The treatment of the invagination alone was planned. After proper anesthesia and rubber dam isolation, a conservative access cavity into the invagination was prepared with a small round bur and a ProUltra ultrasonic tip (ProUltra, Dentspy Maillefer, USA) to avoid exposure of the dental pulp. Patency was achieved with stainless steel ISO size 15 hand files and the invagination apical opening was instrumented with a 40/0.04 Profile rotary file (Profile, Dentsply Tulsa Dental, USA) [ Figure 1e -g].
No mechanical instrumentation was necessary due to the extremely large size of the invagination. Abundant irrigation with 5.25% NaOCl was performed. After drying with paper points, the invaginated canal was filled with ProRoot MTA [ Figure 1h and i]. The access opening was restored with a composite filling at the same appointment. The patient returned 19 months later for ice sensibility test and the tooth responded positively, consistent with a normal vital pulp. The recall radiograph reveals complete periapical healing when compared to preoperative and postoperative films [ Figure 1j ].
Case #2 -vital pulp (previously initiated treatment)
A 15-year-old female patient presented for evaluation of the upper anterior region. She had a history of pain and swelling but was asymptomatic at the initial consultation. The endodontic treatment of tooth #7 had been previously initiated by her general dentist.
A clinic examination revealed a firm buccal swelling above tooth #7 with pain to palpation. There were no other symptoms noted, and all adjacent teeth were normal to all endodontic tests. The radiographic examination revealed a dens invaginatus Oehlers Type IIIb with a malformed apex and an adjacent periapical radiolucency [ Figure 2a ]. A diagnosis of previously initiated endodontic therapy with asymptomatic apical periodontitis was made. Since the endodontic therapy had already been initiated and the patient's parents disliked the surgical approach option, the nonsurgical endodontic treatment plan was presented and accepted. After proper anesthesia and rubber dam isolation, the temporary filling was removed to reveal the dens [ Figure 2b ]. After the access was enlarged to provide better visualization, extensive vital tissue was noted around the perimeter of the dens. Working length was obtained radiographically [ Figure 2c ]. Initially, the plan was to not remove the dens, however, it became apparent that the case could not be performed without its complete removal. The remainder of the dens was removed with ultrasonics over two visits [ Figure 2d and e]. At this point, the periapical tissue could be visualized thru the dental operating microscope. Due to the immature apex and extremely large canal size, mechanical instrumentation was of limited benefit and irrigation with 5.25% NaOCl was contraindicated. Copious irrigation with 2% chlorhexidine was performed. After three sessions of instrumentation, irrigation and calcium hydroxide paste placement, the buccal swelling and apical palpation tenderness were resolved. The canal was obturated with MTA in the apical third [ 
Case #3 -necrotic pulp
A 13-year-old male presented with biting sensitivity and discomfort to percussion on tooth #10. The radiographic exam revealed atypical pulpal anatomy and a large periapical radiolucency [ Figure 3a ]. An enamel-lined invagination could be identified, running the entire length of the root, and parallel to the pulp system. This type of anatomy is consistent with dens invaginatus Oehlers Type IIIb. A palatal sinus tract was identified, and a talon cusp was present on the palatal surface [ Figure 3b ]. There was no response to the ice test. A diagnosis of necrotic pulp with chronic apical abscess was made. The clinical situation and treatment options were debated with the patient's parents, which excluded from the beginning the surgical approach. Due to the age of the patient and the need to limit appointment length, endodontic therapy was performed over four visits using a surgical operating microscope and rubber dam isolation. After endodontic access, rotary instrumentation was used on the invaginated canal with GTX 35/0.12 and GTX 50/0.12 rotary files (GTX, Dentspy Maillefer, USA). Start X n°3 ultrasonic tip (Start X, Dentsply Maillefer, Switzerland) and Endosonore files (Endosonore, Dentspy Maillefer, USA) were then used to eliminate the enamel-lined invagination, creating a single, and large canal. The canal was irrigated with 5.25% NaOCl, 10% citric acid, with passive ultrasonic agitation. Radiographs were taken during various phases of the treatment to ensure the complete removal of the invaginated tissues [ Figure 3c -f]. An apical barrier was created using ProRoot MTA [ Figure 3g and h], and the root was reinforced with fiber posts and dual-cure resin [ Figure 3i ]. A 12 months recall radiograph shows complete periapical healing [ Figure 3j ].
DISCUSSION
Complex root canal morphologies require complex endodontic treatment approaches to correctly clean, disinfect, and obturate the root canal system. Each dens invaginatus configuration requires a different approach.
Dens invaginatus Type III is characterized by an extensive enamel lined invagination that penetrates through the entire root, communicating with the lateral periodontal tissues (Type IIIa) or periapical tissues (Type IIIb). The prophylactic approach for these cases should be a minimal invasive treatment. If the pulp is vital and there are no indications of deep coronal caries or periapical pathosis, conservatively restoring the invagination with fissure sealant is the treatment of choice followed by periodic clinical and radiographic observation. [10] An extraction has been proposed in some Type III configurations as the only possible treatment, [1, 17] so extra care should be taken in the treatment planning of these cases.
Apical periodontitis may be observed in teeth with pulps that remain vital; therefore, pulp sensibility tests are mandatory for obtaining a proper pulpal diagnosis, regardless of the radiographic presentation. Case #1 responded normally to ice sensibility test, suggesting a healthy pulp, although there was a clear presence of periapical periodontitis. This situation is attributed to microorganisms progressing through the lumen of the invagination to the periapical tissues without invading the dental pulp. In such cases, only the treatment of the invagination is required [14] aiming to preserve the pulp vitality. It is important to avoid any type of perforation into the dental pulp while accessing the invaginated lumen, so access is achieved with small burs and the lumen is minimally instrumented and debrided with copious irrigation and the use of ultrasonic tips. CBCT exams are also very useful diagnostic tools in these complex cases. This conservative treatment approach has been proposed for Type IIIa configuration [10, 14] but not to Type IIIb because of the proximity to dental pulp. However, in this case, we were able to successfully treat a Type IIIb vital case preserving the healthy pulp. It is important to recognize that this type of conservative approach may not be always possible, as was the situation with Case #2. Although it was possible to find vital pulp (however it was not possible to know in which condition) inside the root canal system in an already initiated treatment, it was not possible at all to preserve the vitality or the invaginated tissues. In this particular case, the invaginated tissues and pulp were removed to allow a better disinfection and instrumentation of the root canal system.
In Type IIIa necrotic cases, endodontic therapy should be performed for both the root canal and the invaginated space, treating them as two independent environments. Although it may be possible to treat the root canal and the invagination separately in Type IIIb necrotic cases, it may be necessary to combine the spaces during the treatment to allow for proper debridement and disinfection, as with Case #3. In all the three cases, the root filling was performed using MTA and to balance the fragility of the remaining dentin walls, fiber post build-up was placed in both cases where the invaginated tissues were removed.
CONCLUSIONS
Nonsurgical endodontic therapy of dens invaginatus Type IIIb may require the treatment of the invaginated lumen only or the entire root canal system, and pulpal diagnosis and technical requirements must be considered before the execution of any treatment plan.
Although dens invaginatus cases present significant challenges, if endodontic treatment is performed properly and with reference to prevailing biological principles, long-term prognosis can be positive and similar to other, less complicated morphologies.
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